Jurassic high-latitude records of calcareous nannoplankton are insufficiently known, as this group was generally restricted to low and middle latitudes during the early stages of its evolution. Here, we report the first finding of Late Jurassic (Kimmeridgian) calcareous nannoplankton from a near-polar site, the Nordvik section, north of Central Siberia, at ~78°N palaeolatitude. Calcareous nannoplankton here are represented mainly by the dissolution-resistant cosmopolitan genus Watznaueria. Its occurrence is possibly caused by the coupled influence of climate warming during the Late Jurassic and peculiarities of warm currents. This suggestion is strongly supported by sets of independent evidence, including the presence of numerous Subboreal aulacostephanid ammonites in the Kimmeridgian of the Yenisei-Khatanga Strait, as well as thermophilic pollen in palynological samples, and by oxygen stable-isotope values derived from belemnite rostra which agree with general circulation models. Strong palaeotemperature control on aulacostephanid ammonite distribution is suggested for the Kimmeridgian of the Yenisei-Khatanga Strait.
Introduction
Jurassic calcareous nannofossil records are mainly restricted to low-or mid-latitude sites and are extremely rare at high latitudes. Diverse nannofossil assemblages (up to 10-15 genera) are known from the Upper Jurassic of the Middle Volga and Moscow areas (Ruffell et al., 2002; Ustinova, 2009; Ustinova, 2017a) while relatively sparse and low-diversity Kimmeridgian and Volgian nannofossil assemblages are known from the northern parts of the Russian Platform (Gavrilov et al., 2008; Ustinova, 2017b) as well as from the Barents Sea shelf (Smelror et al., 1998; Mutterlose et al., 2003) . At least six nannofossil species were reported by Zanin et al. (2012) from the J/K transition beds of Western Siberia. Previously known high-latitude occurrences of Upper Jurassic and Lower Cretaceous nannofossils lie near 50-55°N palaeolatitude (Mutterlose & Kessels, 2000; Mutterlose et al., 2003) , with the northernmost record of the Watznaueria britannica found in the Kimmeridgian of borehole 7430/10-U-01 (Barents Sea shelf, ~61-62°N palaeolatitude, see Smelror et al., 1998) , nearly corresponding to the southernmost subpolar Jurassic occurrence of nannofossils (60°N palaeolatitude) at the Falkland Plateau (Bown, 1996) . High-latitude nannofossil assemblages generally have a low diversity and are characterised by an abundance of Watznaueria barnesae and Crucibiscutum salebrosum. The latter species shows a bipolar distribution during the Valanginian-Hauterivian (Mutterlose et al., 2005) . This paper provides the first evidence of nannofossils derived from the Kimmeridgian of an extreme Arctic area, the Nordvik section of the Laptev Sea coast (Fig. 1) , which was located at a very high latitude during the Late Jurassic.
Material and geological setting
Nannofossil samples for this study were collected by one of the authors (MR) during fieldwork in 2003, simultaneously with ammonites and belemnites providing strong biostratigraphical control (Zakharov et al., 2014) . There are 37 samples in total, collected from the Oxfordian to Ryazanian, with an average sample step of 1 m. Volgian and Oxfordian samples lack nannofossils, while the Ryazanian ones are still under investigation.
The Nordvik section, located on the Urdyuk-Khaya Cape along the Laptev Sea coast (Fig. 1) , is well known for its continuous Jurassic-Cretaceous transition record and considered as a very important reference section for the North Siberian Oxfordian-Valanginian (Nikitenko et al., 2013; Zakharov et al., 2014) . This section is dominated mainly by mudstones and black shales with numerous phosphorite and carbonate concretions, deposited in relatively deep-marine conditions (~200 m depths). Succession also include thin bands enriched in glauconite (in the uppermost Middle Volgian) or represented by silt (Middle Oxfordian and Oxfordian-Kimmeridgian boundary beds). Since this section was discovered, it has been intensively studied by geoscientists. Detailed investigations of ammonite-, belemnite-and bivalve-based biostratigraphy (Zakharov et al., 1983 (Zakharov et al., , 2014 Zakharov & Rogov, 2008; Rogov & Wierzbowski, 2009; Dzyuba, 2012; Nikitenko et al., 2013 Nikitenko et al., , 2015 , dinocyst and foraminiferal records (Nikitenko et al., 2008 (Nikitenko et al., , 2015 , supported by palaeomagnetic data (Houša et al., 2007; Bragin et al., 2013; Schnabl et al., 2015) and geochemical (stable isotopes) characteristics (Žák et al., 2011; place this section among the most well-studied Upper Jurassic Boreal sites. The palaeolatitude of the Nordvik site for the Volgian has been determined as 74°N (Žák et al., 2011) , which is similar to Kimmeridgian palaeolatitudes (78,4°N) calculated using the paleolatitude.org online facility (van Hinsbergen et al., 2015) .
The Kimmeridgian ammonite biostratigraphy of this section (Rogov & Wierzbowski, 2009; Nikitenko et al., 2013) includes a nearly full succession of Boreal ammonite zones, based on cardioceratid records as previously recognised in the Barents Sea shelf (Wierzbowski & Smelror, 1993) and other Arctic sites. Among the other ammonites, only the endemic Boreal oppeliid Suboxydiscites is known from the Kimmeridgian of this section, while Subboreal Aulacostephanids are entirely absent here.
Kimmeridgian nannofossils of the Nordvik section
Among the 37 samples for nannofossil analysis (Fig. 2 ) the Volgian and Oxfordian ones lack nannofossils, while the Kimmeridgian samples show low-diversity and sparse nannofossil assemblages. All studied nannofossils are poorly preserved and typically have a corroded (Fig. 3) . These cosmopolitan species are known also from the Tithonian of relatively high-latitude sites of the Southern Hemisphere (NW Australian Shelf, DSDP wells 765 and 261, see Bown, 1992) . Nikitenko et al., 2015) .
(C) Oxygen stable-isotope values and their palaeotemperature interpretation (after Zakharov et al., 2014). (D) Samples studied and ranges of nannofossil taxa.

Discussion
Despite the absence of Subboreal ammonites in the Kimmeridgian of the Nordvik section, numerous aulacostephanid records are known from the relatively shallow Kimmeridgian deposits of the Khatanga depression and eastern Taimyr, located a few hundred kilometres from the studied section (Fig. 4) . Being very common throughout the Kimmeridgian in the Kheta and Boyarka successions, aulacostephanids are rare in northern sections. In the sand-dominated, shallowwater deposits of the eastern Taimyr (AH-3 borehole and Chernokhrebetnaya section), aulacostephanids are known only from the Upper Kimmeridgian, and the succession is strongly dominated by cardioceratids. Aulacostephanids are also recorded southeast of the Nordvik section, from the near-shore sands of the Anabar river. However, shallow-water sands and sandstones of the northern Taimyr (Anzhelika and Pregradnaya, see Fig. 4 ) lack aulacostephanids. As has been shown by Mesezhnikov (1984) , in the Kheta river basin the relative abundance of aulacostephanid ammonites gradually increased during the Early Kimmeridgian and exceeds 70% at the Mutabilis Chron, although as follows from the authors' observations, these values might be significantly overestimated. Later (Eudoxus Chron), these ammonites became less abundant and finally extinct, as their occurrence is entirely unknown from the latest Kimmeridgian Suboxydiscites taimyrensis Chron (Fig.  5) . West Siberian aulacostephanid ammonites resemble those of northern Siberia (Meledina, 2005; Rogov, 2016) , and are particularly common at some levels (cf., Rogov, 2016) , while in the Subpolar Urals aulacostephanids were the dominant group of ammonites during the whole Kimmeridgian, except in its uppermost subzone (Mesezhnikov, 1984, see also Fig. 5 ).
Ammonite successions of the Kheta river basin and Subpolar Urals are richer in aulacostephanids than in some relatively low-latitude successions (see Rogov, 2012) . Kimmeridgian ammonite assemblages of the Barents Sea shelf, Spitsbergen and Franz-Josef Land are mainly dominated by cardioceratids, while Subboreal aulacostephanids are restricted to thin intervals. These are cymodoce and sachsi horizons (Rogov, 2014; Rogov & Poulton, 2015) , indicating brief occurrences of the Rasenia ex gr. cymodoce (d'Orb.) and Zenostephanus sachsi (Mesezhn.) within the Early Kimmeridgian Cymodoce and early Late Kimmeridgian Mutabilis Chrons, respectively. Such a 'Subboreal' character of the ammonite assemblages of the Subpolar Urals and Khatanga depression, particularly compared with the sparse aulacostephanid succession in the Arctic islands, provides evidence for a strong influence of the Middle Russian Sea on the ammonite assemblages of Western and Northern Siberia (Rogov, 2012) , and suggests the existence of warm, eastward-flowing currents from the Middle Russia Sea during the Late Jurassic. Patterns of aulacostephanid distribution in the Yenisei-Khatanga depression strongly support a climatic control on occurrences of these ammonites.
A gradual increase in temperature in the Boreal basins during the Late Jurassic is well recognised in other areas, such as in Scotland (Nunn et al., 2009) , Russian Platform (Price & Rogov, 2009; , the Subpolar Urals (Zakharov et al., 2005) and more recently in the Nordvik area (Žák `et al., 2011; Zakharov et al., 2014) . This remarkable trend only partially corresponds to contemporaneous changes in ammonite assemblages (Price & Rogov, 2009; . This phenomenon could be explained by differences in depth of habitats of the belemnites (near-bottom dwellers) (after Mesezhnikov, 1984) .
and ammonites (near-surface animals), as well as by palaeogeographical factors influencing ammonoid distribution, and/or by the influence of salinity on the oxygen stable-isotope values, which may obscure the effects of palaeotemperature. Independent evidence for Late Jurassic high-latitude warming could be found through analysis of palynological data. Recently, Classopolis and other thermophilic pollen were found in Oxfordian and Kimmeridgian samples from the Nordvik section (Nikitenko et al., 2015 , see also Fig. 2 ).
The presence of nannofossils in the Nordvik section could be explained by the influence of surface currents from the warmer and shallower Khatanga Strait and/ or by their occasional occurrences during brief climate oscillations. A Late Jurassic northeastward-flowing current through the Khatanga Strait seems likely, as the nannofossils' presence corresponds well to molluscan distributional patterns. For the latest Jurassic (Late Volgian) to Early Cretaceous, the presence of such a current was suggested by Baraboshkin et al. (2007) . Such a pattern of currents also corresponds well with Kimmeridgian-Tithonian reconstructions presented by Moore et al. (1992) .
Conclusions
For the first time, calcareous nannoplankton of Late Jurassic age have been identified in polar latitudes (~78°N). Although poor in diversity and of moderate preservation, this finding is very important as it sheds light on Late Jurassic palaeoclimate and palaeogeography. Along with other lines of evidence, the presence of Kimmeridgian nannoplankton in Northern Siberia suggests a relatively warm climate in this region, which is supported by a number of other proxies (e.g., the presence of numerous sub-boreal ammonites in the nearby sea strait, oxygen stable-isotope values and the presence of thermophilic pollen).
